Introduction
The supporting information contains some supplementary details about the method used 1 to relate the diapycnal velocity to the dissipation rate and the eddy diffusivity. It presents 2 studies that estimated deep water formation rates in the western Mediterranean Sea. It 3 also contains two figures and two tables. Figure S1 shows vertical profiles of turbulent 4 kinetic energy dissipation rates by region as defined on Fig. 1a . Figure S2 presents the 5 probablityprobability density function of the bathymetric roughness for the whole 6 western Mediterranean basin and at the microstructure stations. Table S1 presents studies 7 that estimated the annual mean deep water formation rate in the western Mediterranean 8 Sea. Table S2 presents the seven oceanographic cruises that contributed to the 9 microstructure dataset used in this study. Table S3 presents the amplitude of the right 10 hand side terms of Eqn. S1. 11 12
Method 13 14
The diapycnal velocity wd K associated with the vertical turbulent diffusion K due to 15 small-scale turbulence was diagnosed using the potential density "conservation" equation 16 [McDougall, 1991] : 17 18 19
, (S1)  20  T1  T2  T3 T4  T5  21 where ∂x denotes a partial derivative with respect to the variable x, z is the vertical 22 direction, ρθ is the potential density referenced to an appropriate pressure pr, θ is the 23 potential temperature and S the salinity, α (β) is the thermal expansion (haline 24 contraction) coefficient referenced to the same pressure pr. The first term on the right-25 hand side (T1) is the vertical divergence of the turbulent density flux. Among the extra 26 terms between square brackets, McDougall and You [1990] showed that the first term 27 (T2) may be of the same order of magnitude as (T1) depending on the region that is 28 considered. For the western MedMediterranean, all terms between brackets are at least 29 two orders of magnitude smaller than (T1) below 800 m ( ), where N is the buoyancy frequency and ν is the 38 kinematic viscosity: the molecular regime (Reb < 1.7) for which the turbulent diffusivity 39 K is equal to the molecular diffusivity, the buoyancy-controlled regime (1.7 < Reb < 8.5) 40 for which K=0.1 Pr
and Pr is the Prandtl number, the transition regime (8.5 < 41 Reb < 400) for which K=ΓεN -2 with a constant mixing efficiency Γ of 0.2 [Osborn, 1980] , 42 and the energetic regime (Reb > 400) for which K=4νReb 1/2 . The boundaries between the 43 various regimes are given for Pr = 7 and are supported by field data [Bouffard and 44 Boegman, 2013] . Applying the widely used Osborn relationship in the energetic regime 45 would overestimate the eddy diffusivity [Shih et al., 2005] . In this study, Reb was first 46 derived from the dissipation rate and the buoyancy frequency measured by the VMP, 47 which determined the relevant relationship for the diffusivity. Among the distinct stations 48 that were occupied, the transition regime accounts for 60% of the dissipation rate 49 estimates while the energetic regime accounts for 32%. 50 51 Combining (1) and the expressions for diffusivity leads to: 52
Thus, in the transition regime and in the energetic regime with a quasi-uniform stratified 55 fluid, the sign of the diapycnal velocity only depends on the sign of the vertical gradient 56 of the turbulent kinetic energy dissipation rate. In the energetic regime with a depth-57 varying stratification, the vertical gradient in buoyancy frequency needs to be accounted 58 for to determine the sign of the diapycnal velocity. 59 60
Estimates of the western Mediterranean deep water (DW) formation rate 61
Several estimates of the annual mean DW formation rate are found in the literature (Table  62   S1 ). A large range of values is found since, if DW formation rates clearly depend on the 63 severity of winter conditions and on the preconditioning of the stratification, they also 64 depend on the methods, density/depth thresholds used to estimate the volume of newly 65 formed dense waters. 66
Using monthly climatological air-sea fluxes and sea surface temperature and salinity, 67
Tziperman and Speer [1994] Figure S1 . Vertical profiles of turbulent kinetic energy dissipation rates (thin light and dark gray) and their average (thick coloured) as a function of the regional boxes defined on Fig. 1a (same regioncolor coding) . The scatter of the profiles (dashed coloured) around their mean was calculated as the rms of the ratio between the profiles and their average. Arrows denote some specific turbulence intensified profiles that are located on Fig. 1b . Table S2 . Oceanographic cruises that contributed to the microstructure data set used in this study. Table S3 . Example of the root mean squared value of the terms between brackets scaled by the first term on the right and side of Eqn. S1 for three depth ranges of the regions whose depth is larger than 1000 m. Changes in the order of magnitude of the T1 term were used to determined depth ranges.
